VARIABLE RELUCTANCE MOTOR WITH IMPROVED TOOTH GEOMETRY 

The present invention relates to a variable reluctance motor comprising at least one 
core movable relative to at least one stator and more specifically to a variable reluctance 
motor core and stator having improved tooth geometry. 

Background of the Invention 

Variable reluctance motors are used as direct drive motors for machines that 
perform repeated applications requiring a high degree of accuracy. These motors include 
phase assemblies comprised of one or more motor cores, and elongated stators that control 
the movement of tools such as robotic arms and placement heads along first and second 
axes. During the operation of certain machines, the motor cores and their respective 
stators move linearly relative to each other via magnetomotive force. The relative 
movement between motor core and stator causes the robotic arm or placement head to 
move from a first position to a second position. However, this position to position 
movement must be completed with a high degree of precision and at a high velocity under 
varying load conditions. 

In some conventional linear actuated motors, the cores and stators are formed by 
securing a stack of members, such as laminations, together along adjoining faces. Each 
core member includes a plurality of adjacent teeth that extend along a longitudinal axis of 
the core, or lamination. The teeth of each core are intended to guide magnetic flux to the 
tooth surface. In some motors, stator members are also provided with teeth. 

Conventional tooth shapes utilized in motors comprise adjacent teeth configured 
such that adjoining teeth sides form a U or V shape, or combinations of U and V shapes. 
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For example US Patent No. 4,647,802 to Konecny discloses a tooth having a generally 
inverted V shape. However, the tip of the tooth includes a small untapered section having 
uniform width. This tooth shape comprises a straight tip portion extending from the tooth 
surface towards a base portion. In some variations of the conventional design, the base 
portion is rectangular. However, in conventional tooth geometry, regardless of the shape 
of the base portion, the tip portion of the tooth is a straight section. It has been found that 
the shape of these conventional tooth sides, while effective in directing flux, is not optimal 
for directing flux to the tooth surface. 

Summary of the Invention 

The invention provides a motor core movable relative to a stator. The motor core 
and the stator core comprise base members and a plurality of adjacent tooth members with 
improved geometry. Each tooth member comprises a tooth surface and tooth sides. The 
tooth sides extend from the tooth surface toward the base member. At least one of the 
tooth sides comprises a tip portion and a base portion. The tip portion extends from the 
tooth surface to the base portion. The base portion extends from the tip portion to an 
adjoining base portion of a tooth side of an adjacent tooth member. The tip portion is 
curved. 

Brief Description of the Drawings 

Figure 1 is an isometric view of a variable reluctance linear motor including a 
phase assembly comprising a plurality of motor cores; 
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Figure 2 is an exploded isometric view of a representative phase module, including 
a representative motor core, of Fig. 1 including a plurality of teeth in accordance with the 
invention; 

Figure 3 is an isometric view of the motor core shown in Figure 2 including a 
plurality of adjacent teeth in accordance with the invention; 

Figure 4 is an enlarged isometric view of the motor core shown in Fig. 3; 

Figure 5 is top view of a stator including a plurality of teeth according to the 
present invention; 

Figure 6 is a top view of teeth of a motor core of the invention shown in relation to 
teeth of a stator bar of the invention and flux paths associated therewith. 

Figure 7 is a diagram one alternative embodiment of the tooth of the present 
invention. 

Detailed Description of the Drawings 

Figure 1 illustrates a variable reluctance motor 100 (shown without top plate). In a 
first embodiment, the motor 100 is a variable reluctance linear motor that is used with 
machines that receive and position components on a substrate. These machines are 
commonly referred to as "pick and place" machines. Examples of these types of machines 
are described in U.S. Patent Nos. 5,649,356 and 5,852,869. Although the motor 100 is 
described with respect to pick and place machines, its use it not limited only to these 
machines. Instead, in other embodiments, the motor 100 is incorporated into any machine 
that requires high force movements that must be completed with a high degree of 
accuracy. 
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The motor 100 includes a stator 101 and a phase assembly 102. The phase 
assembly 102 comprises a plurality of phase modules 131, 132, 205, 202, 206, 203 (each 
phase module including a corresponding motor core) that move relative to the stator 101 in 
response to a magnetomotive force. In one embodiment, the stator 101 is affixed in 
position and phase assembly 102 moves along the length of stator 101 in a direction 
parallel to either a first axis or a second axis during the operation of motor 100. When 
motion is required in more than one direction, a first phase assembly 102 moves relative to 
a first stator in a direction parallel to the first axis and a second phase assembly 102 moves 
relative to a second stator in a direction that extends parallel to the second axis. 

According to the embodiment of the invention shown in Fig. 1, motor cores face 
each other in pairs. In this embodiment the pairs of cores are substantially identical and 
located in mirror image positions with stator 101 interposed between them. 

Figure 2 illustrates a phase module 131 including a motor core comprising stacked 
laminations 250. Laminations 250 are secured to each other. In the embodiment 
illustrated in Fig. 2, phase module 131 further includes a bobbin 199, and a wire coil 140 
with at least one winding extending around laminations 250. 

In one embodiment of the invention, each lamination 250 is substantially C-shaped 
as shown in Fig. 2. Each lamination 250 includes a pair of legs 301, 302 that extend away 
from a center section 305 of lamination 250 and in the direction of the stator 101. Each 
leg 301, 302 includes a plurality of adjacent teeth 303 extending along a longitudinal axis 
(x) of the lamination 250 as illustrated in Figs, 3 and 4. 

Each of the plurality of adjacent teeth 303 comprises a tooth surface 150, a tooth 
face 155, and tooth sides 152. Tooth sides 152 extend between adjacent tooth surfaces 
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150. Each tooth side 152 comprises a tip portion 153 and a base portion 154. Tip portion 
153 extends from an edge 157 of tooth surface 152 towards base portion 154. Base 
portion 154 extends from tip portion 153 to base portion 154 of adjacent tooth 303. The 
relative sizes, i.e., surface areas, of tip portion 153 and base portion 154 varies in different 
embodiments of the invention. In one embodiment of the invention tip portion 153 and 
base portion 154 are approximately equal in size. In another embodiment of the invention, 
base portion 154 is larger than tip portion 153. In yet another embodiment of the 
invention, tip portion 153 is smaller than base portion 154. 

Regardless of its relative size, tip portion 153 is curved. As shown in the 
embodiment of Figs. 3 and 4, tip portion 153 forms a convex curve with respect to 
transverse axis y of its corresponding tooth 303. Because of the curvature of tip portion 
153, the flux density of tooth 303 is effectively directed toward tooth surface 150. The 
curved shape of tip portions 153 directs magnetic flux along tooth face 155 such that flux 
density constantly increases, at least from base portion 154 to tooth surface 150. As a 
result, the curved tip portions provide the motor with more force and less power loss. 

In one embodiment of the invention, stator teeth 503 of stator 101 are formed in 
accordance with the same principles as teeth 303 of the motor core of phase module 131, 
as illustrated in Fig. 5. Teeth 503 of stator 101 are operatively arranged with respect to 
teeth 303 of phase module 131. Each of the plurality of adjacent teeth 503 comprises a 
tooth surface 550, a tooth face 555, and tooth sides 552. Tooth sides 552 extend between 
adjacent tooth surfaces 550. Each tooth side 552 comprises a tip portion 553 and a base 
portion 554. Tip portion 553 extends from an edge 557 of tooth surface 550 towards base 
portion 554. Base portion 554 extends from tip portion 553 to base portion 554 of 
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adjacent tooth 503. As with adjacent core teeth 303, adjacent stator teeth 503 include tip 
portions 553 which are curved. In the embodiment illustrated in Fig. 5, tip portions 553 
form a convex curve with respect to transverse axis y of corresponding tooth 503. In one 
embodiment of the invention in which stator 101 is interposed between phase modules 131 
and 132, both sides of stator 101 include teeth. That is, one set of adjacent stator teeth 503 
is positioned opposite teeth 303 of phase module 131, and another set of stator teeth is 
positioned opposite phase module 132, as shown in Fig. 6. 

Fig. 6 illustrates stator teeth 503 and core teeth 303 operatively arranged to move 
relative to each other during operation of motor 100. Also shown in Fig. 6 are magnetic 
flux lines 701 which are generated during the operation of motor 100 according to the 
present invention. As discussed above, the teeth 303 are distributed across the motor core 
of phase module 131, and the stator 101. When the motor 100 is operated, the shape of the 
tooth sides 152, 552 directs the magnetic flux toward tooth surfaces 150, 550 etc. such that 
flux density is greatest at the tooth surfaces 150, 550.. Furthermore, flux lines become 
increasingly dense as they move toward tooth surfaces 150, 550, from base member 302 
and 502 respectively. 

As shown in Figures 3 ,4, 5 and 6 at least the tip portions 153 of tooth sides 152 are 
curved. In one embodiment of the invention, base portion 154 is also curved. In an 
alternative embodiment of the invention, base portion 154 is rectangular. Other base 
portion geometries are possible and all remain within the scope of the invention. 
Regardless of the geometry of base portion 154, it is important to note that tip portions 153 
are curved in all embodiments. In other words, adjacent tip portions 153 are not parallel to 
each other. This is in contrast to the prior art "U" shape, and variations thereof, in which 


B&W 00702.00019 
UIC 191/1/US 


6 


tip portions are form by parallel lines. Furthermore, unlike some tooth geometry of the 
prior art, tip portions 153 do not extend orthogonally, at right angles, from the plane of 
tooth surfaces 150. Therefore, the general shape formed by adjacent tooth sides 152 is 
approximately a Gothic arch in one embodiment of the invention. 

An alternative embodiment of the invention is illustrated in Fig. 7, in which is 
shown a plurality of adjacent teeth 403, each tooth comprising a tooth surface 450 and 
tooth sides 452. Tooth sides 452 extend between adjacent tooth surfaces 450. Each tooth 
side 452 comprises a tip portion 453 and a base portion 454. Tip portion 453 extends from 
an edge 457 of tooth surface 452 towards base portion 454. Base portion 454 extends 
from tip portion 453 to base portion 454 of adjacent tooth 303. In the embodiment of Fig. 
7, base portion 454 comprises straight lines. Tip portion 453 is curved. 

While the above description contains many specifics, these should not be construed 
as limitations on the scope of the invention, but rather as examples. Other variations are 
possible. Even though the grooves have been described with respect to a variable 
reluctance linear motor, the present invention is not limited to variable reluctance linear 
motors. The present invention is applicable to any motor that utilizes generated magnetic 
flux to propel or otherwise move a member in at least one direction. The grooves of the 
present invention could be used with any motor that includes an armature that moves 
relative to a stator. Accordingly, the scope of the present invention should be determined 
not by the embodiments illustrated above, but by the appended claims and their legal 
equivalents. 
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